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ARRANGEMENT FOR DETERMINING POSITION 



The invention relates to an arrangement for determining the position of a 
magnetic-field-sensitive sensor unit in the magnetic field of a magnet arrangement having an 
at least substantially bar-shaped contour. 

Magnetic-field-sensitive sensors, in particular those designed as 
magnetoresistive sensors, are used in many systems for measuring magnetic fields. The most 
frequent applications include the use in motor vehicle technology as engine speed sensors in 
antilocking systems or in systems for the electronic control of combustion engines, also 
referred to as engine management systems, and as angle sensors for picking up rotary 
movements. However, even in new applications within the motor vehicle technology sector, 
it is desirable to use magnetic-field-sensitive sensors, in particular those referred to as AMR 
sensors ("AMR" = "anisotropic magnetoresistive"), to determine movements of 
constructional elements of motor vehicle technology even along motion coordinates that are 
at least almost rectilinear. 



In the data sheet "General - Magnetic field sensors" dated 9 January 1997, 
pages 49ff, which appeared in the series of data sheets "Discrete Semiconductors" by the 
company Philips Semiconductors, a description is given of linear position measurement using 
magnetoresistive sensors. The arrangement described therein is reproduced in Fig. 1 and 
shows the use of a magnetoresistive sensor having a so-called standard bridge, that is to say a 
Wheatstone bridge circuit of four magnetoresistive elements having a magnet arrangement 
that is in this case designed as a bar magnet. As an example, this figure shows the use of a 
magnetoresistive sensor of the type KMZ 10 B, as sold by the company Philips 
Semiconductors. This sensor is described in more detail on page 4 of the abovementioned 
data sheet. The magnetic field lines of the magnetic field generated by the bar magnet in this 
case run, as shown in Fig. 1, from the magnetic north pole which points upward in the figure 
to the magnetic south pole which points downward in the figure. The magnetoresistive sensor 
is arranged in a plane generated by Cartesian coordinates x and y, in which plane the 
schematically illustrated field line also runs and likewise the bar magnet is arranged with its 
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longitudinal center axis. If the position of the bar magnet with respect to the magnetoresistive 
sensor changes, both the field strength in the y direction extending perpendicular to the 
longitudinal center axis of the bar magnet and the field strength in the x direction extending 
parallel to the longitudinal center axis of the bar magnet change at the location of the 
magnetoresistive sensor. Both field components have an influence on a bridge output signal 
that is output by the Wheatstone bridge circuit of the sensor. The bridge output signal is 
proportional to the field strength in the y direction, but the sensitivity of the sensor decreases 
as the field strength in the x direction increases. 

In the arrangement shown in Fig. 1, the field strength in the x direction has a 
constant sign for all positions of the bar magnet with respect to the magnetoresistive sensor 
that are to be measured. This is important so as to avoid what is known as flipping, that is to 
say an inversion of the sensor transfer characteristic. If the sensor is located at the upper end 
of the magnet, that is to say is pushed along the motion coordinate toward its north pole, then 
a negative value is measured for the magnetic field strength of the magnetic field in the y 
direction that is generated by the bar magnet. If, on the other hand, the sensor is located at the 
lower end of the magnet, that is to say is pushed along the motion coordinate toward its south 
pole, then a positive value is measured for the magnetic field strength of the magnetic field in 
the y direction that is generated by the bar magnet. 

On account of the changing field strength in the x direction, however, the 
bridge output signal output by the sensor does not change proportionally to the value of the 
field strength measured in the y direction. Fig. 2 shows, by way of example, a variation over 
time of this bridge output signal at a supply voltage of 5 V for a change in position of the 
sensor with respect to the bar magnet along the motion coordinate between the north pole and 
the south pole of the bar magnet of at most ±5 mm for a bar magnet having a length of 
10 mm. The bridge output signal is given as a voltage in millivolts having the designation 
•TJout/mV" and the change in position of the sensor with respect to the bar magnet along the 
motion coordinate is given as a value of the Cartesian coordinate x, calculated from the 
center between the north pole and the south pole of the bar magnet, having the designation 
"x/mm". 

The diagram of Fig. 2 shows, within the entire range of this change in position 
of the sensor with respect to the bar magnet along the motion coordinate of in this case 
±5 mm with average values of the change in position - in this case from values of x of about 
-3 mm to +3 mm - a section in which the bridge output signal runs linearly proportionally to 
the change in position of the sensor with respect to the bar magnet, while toward the ends of 
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the range of this change in position shown overall, in dais case of at moat ± 5 mm, me bridge 
output signal assumes a nonlinear profile on account ofthe greatiydecreaaingvah.es forme 
magnettc field sttengtt, in me x direction. Where mere is this nonlinear profile, me bridge 
output argnal can no .onger be used for me desired position measurement The range along 
me motion coordinate between the north pole and fire south po!e of me bar magnet that can 
be used in fins arrangement for position meaaurement is shown in Fig. , by fir, designafi 
displacement range". I, can be seen that this range along the motion coordinate that can , 
used for posrtion meaaurement makes use of the dimension of tire bar magnet between its 
north pole and its south pole only to an insufficient extent Using fire arrangement shown in 

f Ft*! it is therefore necessary to select fire length of the magnet, that is to say the dimension 
of the bar magnet along the motion coordinate, to be considerably greater than the range mat 
can be used for position measurement In the example shown in Figs. . and 2, a bar magnet is 
reqmred which is approximately 1 .5 times .onger that fire range mat can be used for position 
measurement This is disadvantageous on account of fire increased space retirement of the 

' arrangement and also the material requirement for the bar magnet 



on 
can be 



It .s an object of the invention to provide an arrangement for determining the 
posmon of a magnetic-field-sensitive sensor unit in the magnetic field of a magnet 
arrangement having an at leas, substantially bar-shaped contour, by means of which better 
use can be made of the dimension of the magnet arrangement man for a range mat can be 
used for position measurement. 

According to the invention, this object is achieved by an arrangement for 
detennining me position of a magnetic-field-sensitive sensor unit in the magnetic field of a 
magnet arrangement having an at least substantially bar-shaped contour along an a. .east 
substantially rectilinear motion coordinate that extends parallel to a longitudinal axis of the at 
leas, substantially bar-shaped contour, in which me magnetic-field-se^itive sensor unit is 
mtended to measure a component of me magnetic field which extends in a plane ma. is at 
leas, substantially parallel to fire longitudinal axis of me a. leas, substarmallybar-shaped 
contour m a manner at leas, substantially perpendicular to mis longitudinal axis, and the 
magnet arrangement has a magnetic north pole in me region of a firs, end of the at leas, 
substantially bar-shaped contour, a magnetic south pole in the region of a second end of me 
a. leas, substantially bar-shaped contour, and a narrowing of the at least substtmtiaUy bar- 
shaped contour in fire central region extending between the north pole and the south pole 
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The invention is based on the knowledge that a shortening of the magnet 
arrangement can be achieved if it is possible to generate significant field strengths in the 
dxrectxon of the longitudinal axis of the magnet arrangement, that is to say in the direction of 
the mouon coordinate or in the x direction, even at the ends of the magnet arrangement in the 
region of the magnetic north and south poles. 

The invention achieves this result, using the described knowledge in an 
advantageous manner by the measures according to the invention. On account of the 
narrowing of the magnet arrangement in the center, the exit angle of the field lines at the ends 
of the magnet arrangement in the region of the magnetic north and south poles is changed so 
that greater magnetic field strengths are generated in the x direction. As a result, a shortemng 
of the magnet arrangement can be achieved without changing the extent of the range that can 
be used for position measurement. 

The precise shaping of the at least substantially bar-shaped contour of the 
magnet arrangement according to the invention can easily be determined and optimized by 
means of a simple experiment for each application. According to an advantageous 
development of the invention, however, the narrowing of the at least substantially bar-shaped 
contour corresponds at least in sections to a shape that at least substantially follows the 
profile of an ellipse. According to another advantageous development of the invention the 
narrowmg of the at least substantially bar-shaped contour corresponds at least in sections to a 
shape that at least substantially follows the profile of a cycloid. By means of such contours 
that are clearly defined in mathematical and constructional terms, a shaping of the magnet 
arrangement according to the invention is obtained that can easily be reproduced. 

Advantageously, the magnetic-field-sensitive sensor unit is designed with a 
Wheatstone bridge of magnetoresistive elements, the longitudinal direction of which extends 
at least substantially along the motion coordinate. Such a sensor unit is given in a simple and 
cost-effective manner by the abovementioned magnetoresistive sensor of the type KMZ 10 B, 
as sold by the company Philips Semiconductors. 

In order to use the invention in an arrangement for determining the relative 
position of a first body and a second body with respect to one another, e.g. of a first and a 
second machine element, advantageously the magnet arrangement is connected to this first 
body and the sensor unit is connected to the second body, in order to determine the position 
of the first body with respect to the second body along the motion coordinate. In particular 
the sensor unit is connected to the body which is arranged fixedly with respect also to an ' 
evaluation and control arrangement that is to be connected to the sensor unit, and the magnet 



WO 2004/063672 PCT/IB2003/006269 



10 



15 



20 



25 



5 



30 



arrangement is connected to the body which is designed to move with respect to said first 
body. This simplifies the transmission of signals output by the sensor unit and also the 
supplying of signals and power to this sensor unit. However, the sensor unit and the magnet 
arrangement may also be connected to said bodies the other way round, if appropriate 
provisions for the supply of signals and power have been made for these installation 
conditions. 

In a preferred application of the arrangement according to the invention, the 
first and second bodies are formed by parts of a motor vehicle. In particular, the first and 
second bodies are formed by parts of the internal combustion engine of a motor vehicle In a 
particularly preferred application, the second body comprises part of a valve mechanism for 
the internal combustion engine of a motor vehicle, and the first body is designed with a part 
of the valve mechanism that can move with respect thereto. 

The invention can be used as an advantageous configuration for an 
electromagnetic valve mechanism for the internal combustion engine of a motor vehicle in 
which the position of an armature, connected to a valve disk, in an electromagnetic actuator 
that operates the valve is to be measured for the purpose of regulating the speed of placing 
the valve disk onto the valve seat. It should be taken into account that typical valve lifts in 
internal combustion engines of motor vehicles move between 8 and 12 mm, and in 
exceptional cases even greater valve lifts may occur. For this reason, an arrangement is 
required that can detect a rectilinear movement over such a range. The arrangement 
according to the invention is preferably suited to this purpose not only on account of its 
compact design and its robustness but also because it deals with the generation of a sensor 
output signal with the necessary processing speed. For the engine speeds occurring in motor 
vehicle internal combustion engines of today, and thus the short actuation times required for 
the valve mechanism, resulting in changeover times of the electromagnetic actuators of 
between 3 and 10 ms, the arrangement according to the invention with an "AMR" sensor has 
sufficiently rapid signal processing. Moreover, the arrangement according to the invention is 
able to supply precise information about the measured position, the so-called "absolute 
position" of the actuator, in any operating situation and thus even immediately upon startup 



The invention will be further described with reference to examples of 
embodiments shown in the drawings to which, however, the invention is not restricted. 
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Fig. 1 shows an arrangement according to the prior art for linear position 
measurement using a magnetoresistive sensor of the type KMZ 10 B having a so-called 
standard bridge. 

Fig. 2 shows, by way of example, the variation over time of the bridge output 
signal of the magnetoresistive sensor of the type KMZ 10 B in the arrangement of Fig. 1. 

Fig. 3 shows an example of embodiment of an arrangement according to the ' 
invention for linear position measurement using a magnetoresistive sensor of the type KMZ 
1 0 B having a so-called standard bridge. 

Fig. 4 shows, by way of example, the variation over time of the bridge output 
signal of the magnetoresistive sensor of the type KMZ 10 B in the arrangement of Fig. 3. 

Fig. 5 shows a schematic illustration of a valve mechanism for the internal 
combustion engine of a motor vehicle, as an example of embodiment of one use of the 
invention. 



In the example of embodiment of the invention shown in Fig. 3, an 
arrangement for linear position measurement using a magnetoresistive sensor of the type 
KMZ 10 B is again shown, as is known from the abovementioned data sheet "General - 
Magnetic field sensors" of 9 January 1997, page 4. The arrangement of Fig. 3 shows the use 
of this magnetoresistive sensor having a magnet arrangement that is in this case again 
designed as a bar magnet. The magnetic field lines of the magnetic field generated by the bar 
magnet in this case run, as shown in Fig. 3, from the magnetic north pole which points 
upward in the figure to the magnetic south pole which points downward in the figure The 
magnetoresistive sensor is arranged in a plane generated by Cartesian coordinates x and y in 
which plane the schematically illustrated field line also runs and likewise the bar magnet is 
arranged with its longitudinal center axis. If the position of the bar magnet with respect to the 
magnetoresistive sensor changes, both the field strength in the y direction extending 
perpendicular to the longitudinal center axis of the bar magnet and the field strength in the x 
direcnon extending parallel to the longitudinal center axis of the bar magnet change at the 
location of the magnetoresistive sensor. Both field components have an influence on the 
bridge output signal that is output by the Wheatstone bridge circuit of the sensor. The bridge 
output S3g nal is again proportional to the field strength in the y direction, but the sensitivity of 
the sensor decreases as the field strength in the x direction increases. 
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In the arrangement shown in Fig. 1, the field strength in the x direction has a 
constant sign for all positions of the bar magnet with respect to the magnetoresistive sensor 
that are to be measured. This is important so as to avoid what is known as flipping, that is to 
say an inversion of the sensor transfer characteristic. If the sensor is located at the upper end 
of the magnet, that is to say is pushed along the motion coordinate toward its north pole then 
a negative value is measured for the magnetic field strength of the magnetic field in the y 
du-ection that is generated by the bar magnet. If, on the other hand, the sensor is located at the 
lower end of the magnet, that is to say is pushed along the motion coordinate toward its south 
pole, then a positive value is measured for the magnetic field strength of the magnetic field in 
the y direction that is generated by the bar magnet. 

The bar magnet used in the arrangement shown in Fig. 3 has a narrowing in 
the central region between its magnetic north pole at the first end of the at least substantially 
bar-shaped contour and its magnetic south pole at the second end of its at least substantially 
bar-shaped contour. This makes it possible for significant field strengths to be generated in 
the direction of the longitudinal axis of the bar magnet, that is to say in the direction of the 
motion coordinate or in the x direction, even at the ends of the magnet arrangement in the 
region of the magnetic north and south poles. On account of me narrowing of the bar magnet 
m the center, the exit angle of the field lines at the ends of the bar magnet in the region of the 
magnetic north and south poles is changed, so that greater magnetic field strengths are 
generated in the x direction. As a result, a shortening of the bar magnet can be achieved 
without changing the extent of the range that can be used for position measurement. 

Fig. 4 shows, by way of example, a variation over time of this bridge output 
signal at a supply voltage of 5 V for a change in position of the sensor with respect to the bar 
magnet along the motion coordinate between the north pole and the south pole of the bar 
magnet of at most ±5 mm for a bar magnet having a length of 1 1 mm. The bridge output 
signal is again given as a voltage in millivolts having the designation "tWmV" ^ ^ 
change in position of the sensor with respect to the bar magnet along the motion coordinate is 
given as a value of the Cartesian coordinate x, calculated from the center between the north 
pole and the south pole of the bar magnet, having the designation «x/mm". 

The diagram of Fig 4 shows a variation over time of the bridge output signal 
which now, within the entire range of this change in position of the sensor with respect to the 
bar magnet along the motion coordinate of in this case ±5 mm, behaves linearly 
proportionally to this change in position of the sensor with respect to the bar magnet, so that 
even at the ends of the range of this change in position shown overall, in this case of at most 
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±5 mm, the bridge output signal retains a linear profile despite greatly decreasing values for 
the magnetic field strength in the x direction. There, the bridge output signal can thus 
likewise still be used for the desired position measurement. The range along the motion 
coordinate between the north pole and the south pole of the bar magnet that can be used in 
this arrangement for position measurement is again shown in Fig. 4 by the designation 
"displacement range". It can be seen that this range along the motion coordinate that can be 
used for position measurement makes at least almost full use of the dimension of the bar 
magnet between its north pole and its south pole. Using the arrangement shown in Fig. 4 it is 
therefore possible to select the length of the magnet, that is to say the dimension of the bar 
magnet along the motion coordinate, to be only as great as the range that can be used for 
position measurement. This significantly reduces the space requirement of the arrangement 
and also the material requirement for the bar magnet. 

Fig. 5 shows, in longitudinal section along its valve shaft 1, a schematic 
illustration of a valve mechanism for the internal combustion engine of a motor vehicle as an 
example of embodiment of one use of the invention. This valve mechanism comprises an 
actuator consisting of two annular electromagnets 2, 3, which each comprise a pot-shaped 
iron core 4 and 5, respectively, and an annular winding 6 and 7, respectively. The valve shaft 
1 is led through in each case one cylindrical opening 10 or 1 1 in each case in a central pole 8 
or 9 of the pot-shaped iron cores 4 and 5. The annular electromagnets 2, 3 are at a fixed 
spacing from one another and are arranged as a mirror image of one another. A disk-shaped 
armature 21 of magnetizable steel is arranged between them. This armature 21 is fixedly 
connected to the valve shaft 1 and is moved with the latter and with a valve disk 12 
connected to the latter with respect to the annular electromagnets 2, 3 along a longitudinal 
axis 13 of the valve shaft 1 which at the same time forms a motion coordinate of the valve 
shaft 1. The valve disk 12 is alternately lifted off a valve seat 14 and pressed against the 
same. Part of the cylindrical head having a first guide 15 for the valve shaft 1 on the valve 
disk side and an inlet and outlet channel 16 for fuel mixture or exhaust gas and also a fixing 

17 for the annular electromagnets 2, 3 is shown in Fig. 5. A threaded bore 18 is furthermore 
arranged in the fixing 17 in a manner concentric to the valve shaft 1, in which threaded bore 

1 8 there is an adjusting screw 19 which is shaped with a second guide 20 for the valve shaft 



1 



Furthermore, a first and a second spring plate 22, 23 are arranged fixedly on 
the valve shaft 1 in a manner coaxial to the longitudinal axis 1 3, on which spring plates a first 
and a second compression spring 24 and 25 are respectively supported by in each case one 
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end. The first compression spring 24 is supported by its other end on the cylindrical block 
namely, in the example of embodiment shown, on the first guide 15 for the valve shaft 1 on 
the valve disk side. The second compression spring 25 is supported by its other end on the 
adjusting screw 19, namely, in the example of embodiment shown, on the second guide 20 
for the valve shaft 1. In this way, the first compression spring 24 acts to close the valve that 
is to say to press the valve disk 12 against the valve seat 14. If there were no actuator then 
the first compression spring 24 would ensure that the valve is tightly closed. The second 
compression spring 25 acts to open the valve, that is to say to lift the valve disk 12 off the 
valve seat 14. If there were no actuator, then the second compression spring 25 would ensure 
that the valve is opened. Both springs operate "against one another". By means of this design 
mter alia the armature 21 is held in a central position which can be adjusted by adjusting the ' 
adjusting screw 1 9 in the threaded bore 1 8. 

If current passes through the first electromagnet 2, which is the upper 
electromagnet in Fig. 5, then the armature 21 is drawn upward and the valve is closed 
Accordingly, the armature 21 moves downward and opens the valve if current passes through 
the second electromagnet 3, which is the lower electromagnetic in Fig. 5. If there is no 
current passing through either of the electromagnets 2, 3 then the armature 21 is kept in the 
aforementioned central position by the springs and the valve is half-open. 

The main advantage of this design with the compression springs 24, 25 
operating against one another together with the actuator lies in the changeover principle 
realized thereby. If current passes through the upper, first electromagnet 2, the armature 21 is 
m its upper position in which it bears tightly against the first electromagnet 2, with the 
second, upper spring 25 being compressed and the first, lower spring 24 being relaxed, and if 
as a result the valve is closed and is to be opened, then the current through the upper first 
electromagnet 2 is switched off. The armature 21, by virtue of the spring resistances, then 
swings back until it reaches its lower position, ideally until it has almost reached it but not 
quite on account of the ftictional forces in the mechanical construction. In this lower position 
the armature 21 bears tightly against the second electromagnet 3, with the second, upper 
spring 25 being relaxed and the first, lower spring 24 being compressed, and as a result the 
valve being opened. The lower, second electromagnet 3 need in this case only have current 
flow weakly through it in order to draw the armature 21 fully into its lower position. Without 
a spring design, very strong currents had to flow through the lower, second electromagnet 3 
in order to be able to exert a strong enough magnetic force on the armature 21, on account of 
the large travel of the armature in the case of a typical valve lift of around 8 - 12 mm and the 
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associated large spacing between the armature 21 and the lower, second electromagnet 3 in 
the upper position of the armature 21. 

To measure the position of the assembly consisting of valve shaft 1, valve disk 
12 and armature 21, an arrangement comprising a bar magnet 28 accommodated in a non- 
magnetic housing 27 is attached at the end 26 of the valve shaft 1 that faces away from the 
valve disk 12. In the example of embodiment shown, this attachment is effected by a thread 
on the end 26 of the valve shaft 1 that faces away from the valve disk 12 and on the housing 
27. The bar magnet 28 is aligned with its longitudinal axis between north and south pole 
coaxial to the longitudinal axis 13 of the valve shaft. By way of example, the north pole faces 
away from the valve disk 12 and the south pole faces toward the valve disk 1 2 The 
longitudinal axis 13 of the valve shaft 1 therefore also forms the motion coordinate of the bar 
magnet 28. 

A magnetoresistive sensor 31 is located on a sensor fixing 29 which, in the 
example of embodiment shown in Fig. 5, is mounted on a covering plate 30 seated on the 
fixing 17 for the annular electromagnets 2, 3. This magnetoresistive sensor 31 is preferably 
again of the KMZ 10 B type. For this purpose, the sensor fixing 29 is equipped with a 
mounting surface, on which the sensor 3 1 is fitted in a planar manner. The magnetoresistive 
elements of the sensor 31 are aligned in a plane that is coincident with the plane of the 
drawing in Fig. 5 and in which the motion coordinate of the bar magnet 28 is also located; in 
their longitudinal direction, the magnetoresistive elements of the sensor 31 are aligned in the 
direction of the motion coordinate of the bar magnet 28. The sensor 3 1 measures the field 
component of the magnetic field generated by the bar magnet 28 which lies perpendicular to 
the motion coordinate in the plane of the drawing. In Fig. 5, the range along the motion 
coordinate between the north pole and the south pole of the bar magnet 28 that can be used in 
this arrangement for position measurement is shown by the arrows 32. 



